The purpose of the present study was to investigate the effects of green tea catechin on prostaglandin synthesis of renal glomerular and renal dysfunction in rats with streptozotocin-induced diabetes. Sprague-Dawley rats weighing 100 ± 10 g were randomly assigned to one normal group and three groups with streptozotocin-induced diabetes. The diabetic groups were classified to a catechin-free diet (DM group), a 0.25% catechin diet (DM-0.25C group) and a 0.5% catechin diet (DM-0.5C group) according to the levels of catechin supplement in their diet. The animals were maintained on an experimental diet for 4 weeks. At this point, they were injected with streptozotocin to induce diabetes. They were killed on the sixth day. The catechin supplementation groups (DM-0.25C, DM-0.5C groups) showed a decrease in thromboxane A 2 synthesis but an increase in prostacyclin synthesis, compared to the DM group. The ratio of prostacyclin/thromboxane A 2 was 53.3% and 38.1% lower in the DM and DM-0.25C groups, respectively, than in the normal group. The ratio in the DM-0.5C group did not differ from that in the normal group. The glomerular filtration rate in catechin feeding groups (DM-0.25C and DM-0.5C groups) was maintained at the normal level. The urinary β 2 -microglobulin content in the DM-0.5C group was significantly lower than that in the normal group. On the sixth day after induction of diabetes, the urinary microalbumin content in the DM, DM-0.25C and DM-0.5C groups had increased 5.40, 4.02, 3.87 times, respectively, compared with the normal group. In conclusion, kidney function appears to be improved by green tea catechin supplementation due to its antithrombotic action, which in turn controls the arachidonic acid cascade system.
Introduction
Diabetes is a chronic metabolic disease characterized by hyperglycemia. However, diabetics with a control problem due to hyperglycemia also exhibit changes in the function and shape of their kidneys. 1, 2 The renal disorder caused by diabetes infects the renal system, hardens the renal artery, and damages the glomerulus. As a result, patients experience a decline in the excretion function of their kidneys, albuminuria and edema appear, and blood pressure rises. If these symptoms persist, this further weakens the renal functions, leading to uremia, and finally death. 3 A recent study raised the issue of the relationship between functional damage to the capillary vessels, such as the glomerulus or renal tubule, and the presence of eicosanoid, which is the metabolic product of arachidonic acid generated by the renal cells. 4 Linos et al. previously reported that, since the function of the kidney is to excrete nonvolatile materials or metabolic wastes, controlling the blood flow is important in renal functions, such as the filtration of the glomeruli. 5 This is closely related to prostaglandin. 5 In another study, chronic diabetics caused an increase in blood pressure and albuminuria and a decline in the glomerular filtration function. A previous study of diabetic rat kidneys reported hardened glomeruli, an increase in thromboxane A 2 (TXA 2 ), and a decrease in prostacyclin (PGI 2 ), resulting in an imbalanced PGI 2 /TXA 2 ratio. 6 When the PGI 2 / TXA 2 balance is broken, renal microvascular ageing and artery hardening are both accelerated. Accordingly, maintaining a balanced PGI 2 /TXA 2 ratio can improve renal function by alleviating the hardening of the renal arteriole and controlling the renal blood flow and glomerular filtration rate, thereby contributing to the prevention of diabetic renal failure. Studies of the physiological mechanism of the renal microvascular system are important in order to identify ways to enhance it. There have already been several case studies on the relationship between prostaglandin synthesis and renal dysfunction in the renal glomerulus, which in diabetics is the most vulnerable organ and has the worst prognosis.
The polyphenol compound chemical catechin, found in green tea, has been reported to exhibit pharmacological functions. [7] [8] [9] [10] [11] [12] The antioxidant activity of catechin and its effects on the cohesion of thrombocytes has already been reported in several studies. [13] [14] [15] [16] In the current study, rats were fed different green tea catechin diets and then diabetes was induced. The glomeruli in the renal organs were separated to ascertain the effects of catechin on prostaglandin synthesis and identify any improvement in renal function.
Materials and methods

Experimental animals and diets
Male Sprague-Dawley rats weighing between 70 and 80 g were purchased from KRITC (Taejon, Korea). The rats were individually housed in stainless steel cages in a room with controlled temperature (20-23°C) and lighting (alternating 12 h period of light and dark). They were fed a pelleted commercial non-purified diet (Samyang, Seoul, Korea) for 6 days after arrival. They were randomly divided into one normal group and three diabetic groups of 10 experimental rats each. The four groups were fed experimental diets for 4 weeks and the diabetic groups were classified to a catechinfree diet (DM group), a 0.25% catechin diet (DM-0.25C group) or a 0.5% catechin diet (DM-0.5C group; Table 1 ). The crude catechin powder, which is about 87.5% pure, was prepared according to the method of Matzuzaki and Hata (Table 2) . 13 Crude catechin was made up of 51.86% epigallocatechin gallate (EGCG), 12.48% epicatechin gallate (ECG), 27.65% epigallocatechin (EGC) and 8.01% epicatechin (EC). The experimental design was approved by the committee for the care and use of laboratory animals at the Catholic University of Daegu.
Experimental diabetes
Diabetes was induced by an intravenous injection of streptozotocin (STZ; 55 mg/kg body weight) in a citrate buffer (pH 4.3) via the tail vein. Rats with a blood glucose concentration of 16.7 nmol/L after 6 days were used for the experiment.
Preparation of glomeruli
The glomerulus was prepared according to the method of Spiro. 17 Measurement of thromboxane A 2 and 6-keto prostaglandin F 1a The isolated glomerulus was incubated in a 280 nmol Tris KCl/L buffer, pH 7.4 at 37°C under continuous agitation and then centrifuged at 10 000 g for 5 min. The supernatant was adjusted with a buffer to a final volume of 1.0 mL and used as a source of the TXA 2 and 6-keto prostaglandin F 1a (PGF 1a ). The 6-keto PGF 1a and TXA 2 contents were measured using a commercially available radioimmunoassay kit (RPA 515 and RPA 516, Amersham Life Science, Cleveland, OH, USA). The radioactivity of the iodinated final products was measured using a Packard liquid scintillation counter (Diagnostic Product Corporation, Miami, FL, USA).
Microalbumin determination
Urinary microalbumin was determined by Albumin-RIA kit (Fullerton, CA, USA). β β β β 2 -Microglobulin determination Urinary β 2 -microglobulin was determined by SPAC-SV-B 2 micro kit (Diachi Radioisotope Labs, Tokyo, Japan).
Glomerular filtration rate determination
Glomerular filtration rate (GFR) was determined by sicdia creatinine reagent kit.
Statistical analysis
Results were assessed by ANOVA and Tukey's Honestly Significant Difference test. Differences were considered significant at P < 0.05.
Result
Production of thromboxane A 2 and prostacyclin in kidney glomeruli
The formation of TXA 2 in the kidney microsomes was 45.8% greater in the DM group than in the normal group. However, there was no difference between the DM-0.25C, DM-0.5C, and normal groups (Fig. 1a) . The formation of PGI 2 in the kidney glomeruli was 31.9% and 24.8% lower in the DM and DM-0.25C groups, respectively, than in the normal group, which did not differ from the DM-0.5C group (Fig. 1b) . The ratio of PGI 2 /TXA 2 was 53.3% and 38.1% lower in the DM and DM-0.25C groups, respectively, than in the normal group. The ratio of PGI 2 /TXA 2 in the DM-0.5C group did not differ from that in the normal group (Fig. 1c) . 
Glomerular filtration rate
Changes in GFR can provide information about the metabolic function of the kidney. Figure 2 shows the results of the changes in the GFR. When compared to the normal group, the DM group showed a 291.7% increase in GFR by the sixth day after the induction of diabetes. The catechin-fed groups (DM-0.25C and DM-0.5C groups) maintained a normal level during the experimental period (Fig. 2) . β β β β 2 -Microglobulin contents in urine The β 2 -microglobulin contents in urine, which show the index of renal tubular damage, are shown in Fig. 3 . By the sixth day after the induction of diabetes, the levels in the DM and DM-0.25C groups increased 3.47 and 1.15 times, respectively, compared to the normal group. However, the β 2 -microglobulin levels in the DM-0.5C group were significantly reduced compared to the DM group (Fig. 3) .
Microalbumin contents in urine
The urinary microalbumin contents indicate glomerular damage (Fig. 4) . By the sixth day after the induction of diabetes, the levels in the DM, DM-0.25C, and DM-0.5C groups increased 5.4, 4.02, and 3.87 times, respectively, compared to the normal group (Fig. 4) . As seen in Fig. 4 , the urinary microalbumin contents were reduced by increasing catechin supplementation.
Discussion
The current study was conducted to identify the effects of catechin on renal dysfunction and prostaglandin synthesis of the renal glomeruli in rats with streptozotocin-induced diabetes. Among the metabolic products of eicosanoid, TXA 2 , PGI 2 , and PGE 2 are all known to be related to renal function or renal disease. Klahr et al. reported that renal synthesis of thromboxane and prostacyclin alleviates blood vessel contraction and controls the blood flow and glomerular filtration rate. 18 In contrast, TXA 2 accelerates the contraction of blood vessels, generates thrombus, shrinks the mesangial cells, and decreases the glomerular filtration rate, thereby aggravating renal disease. The results from the current research confirmed those previously reported by Kwag et al. 19 In their study of diabetic rats, they found that the strong antioxidant, vitamin E, decreased TXA 2 synthesis in the renal glomeruli and increased PGI 2 synthesis. The current research also showed that the PGI 2 /TXA 2 ratio increased in ascending order according to the amount of catechin included in the diet. Kwag et al. explained their results based on the fact that the PGI 2 synthesis enzyme, prostacyclin synthetase, was affected by a lower level of lipid peroxide than the TXA 2 synthesis enzyme, thromboxane synthetase. 20 An analysis of the current results showed that the antioxidant catechin was also able to prevent lipid peroxidation, similar to vitamin E.
Diabetic renal disease is one of the main causes of terminal renal failure. For insulin-dependent diabetics, urine microalbumin is recognized as an early sign of renal disease. 21 For non-insulin-dependent diabetes mellitus, urine microalbumin is not only a sign of diabetic renal disease but is also a warning of cardiovascular disease, thereby increasing the risk of death. 22 Decker et al. have argued that, in diabetics, the pathological and biochemical mechanism of urine microalbumin has not been accurately identified, although they admit that urine microalbumin clearly indicates a functional disorder, such as overfiltration of the blood vessels including the renal glomeruli. 23 In the current study, catechin was found to alleviate damage to the glomeruli. The renal tubule albumin, β 2 -microglobulin, has been reported to appear early in renal tubule disorders as well as in glomerular disorders in diabetic renal disease. 24 Since 99.9% of the urine that passes through the glomeruli is re-absorbed by the nearby renal tubule cells, measuring the level of β 2 -microglobulin in the urine can be an accurate method for early diagnosis of disease in the nearby renal tubule. 25 In the current study, it was found that the level of β 2 -microglobulin decreased according to the level of catechin. The oxidation stress due to diabetes damages the nearby renal tubule and inhibits the re-absorption of microalbumin and β 2 -microglobulin, thereby increasing their levels in the urine. However, in the current study, the strong antioxidant catechin alleviated the oxidation stress and normalized renal function.
In the early stage of diabetes, the glomerular filtration rate generally increases. This was originally reported in the study of Steffes et al. 26 According to the current study, rats with streptozotocin-induced diabetes exhibited an increased renal glomerular filtration rate seemingly caused by an increase in the filtration surface size due to an increase in the renal glomeruli size. There have also been previous reports of an increase in the renal glomeruli size in human diabetics and animal experiments. [27] [28] [29] In the current research, renal dysfunction, such as structural damage and an increase in the glomerular filtration rate, was identified in the diabetic kidneys. Yet the dietary supplementation of catechin from green tea was found to alleviate such structural and functional damage.
In conclusion, catechin from green tea can alleviate diabetic renal blood flow disorders by increasing the PGI 2 / TXA 2 ratio and controlling the glomerular filtration rate. The current study also showed that the PGI 2 /TXA 2 ratio increased according to the level of catechin in the diet. This conclusion was based on the effect of catechin decreasing the TXA 2 level in the renal glomeruli of the diabetic rats and increasing the PGI 2 synthesis. Finally, catechin was found to contribute to the prevention of renal dysfunction by lowering the microalbumin and β 2 -microglobulin levels in the urine.
